SUMMARY Normal auscultatory findings were studied during a heart survey in which 12 050 Black schoolchildren, aged 2 to 18 years, were examined by cardiologists. Physiological third heart sounds were detected in 96 per cent of children, innocent systolic murmurs in 72 per cent, and innocent mid-diastolic murmurs in 0-27 per cent. The term 'innocent systolic murmur' was used for vibratory systolic murmurs (70%) and pulmonary ejection systolic murmurs (4.2%) but distinct separation of these two murmurs was often difficult. Vibratory systolic murmurs were present throughout the age range. Important features in differentiating innocent systolic murmurs from those caused by mild organic heart disease included the intonation, site of maximal intensity, timing in systole, and behaviour with postural change. Innocent mid-diastolic murmurs are short murmrrurs occurring immediately after the third heart sound in children, with no supportive evidence of organic heart disease.
Cardiology has made considerable progress over the past half century and improvement in diagnostic and surgical techniques has led to an increased understanding of many forms of heart disease and their management. Of equal importance is the definition of the auscultatory features of the healthy heart and the recognition of normal variations. In 1909, George Still' gave his classical description of the vibratory systolic murmur and, nearly two decades later, Mackenzie2 still campaigned for the widespread medical acceptance of innocent systolic murmurs. It was not possible at that time to differentiate these from abnormal murmurs except by the exclusion of other evidence of organic heart disease. Levine3 4 introduced a classification of systolic murmurs based on intensity alone. This classification is excellent for record purposes but is of limited value in predicting the innocent or pathological nature of a systolic murmur.5 Leatham6 classified systolic murmurs into ejection and regurgitant types on the basis of anatomical and haemodynamic considerations and he later clarified7 some of the auscultatory features tPresent address: Cardiology Unit, New Britain General Hospital, New Britain, Connecticut, USA. Received for publication 23 July 1979 of the normal heart. There have been subsequent contributions,8-'0 and today the clinical recognition of an innocent murmur usually presents little difficulty to the skilled auscultator." This recognition is of the utmost importance'2-'4 since innocent praecordial murmurs occur most frequently in children and young adults and are commonly detected when auscultation is performed as part of routine examinations at schools or during unrelated illnesses. In such instances, young patients and their parents need positive reassurance that there is no organic cardiac lesion in order to avoid incorrect management or even the development of a cardiac neurosis.15-7
Several studies on the incidence of innocent systolic murmurs have been reported.8 12 18 In one series,'8 96 per cent of healthy children between 3 and 14 years of age had a systolic murmur. In Johannesburg, a survey on 200 White schoolchildren,'2 aged 2 to 12 years, yielded a prevalence rate for innocent murmurs of 84 per cent. In May 1972, a survey' was undertaken on Black schoolchildren of the South Western Townships near Johannesburg (Soweto) with the primary objective of determining the incidence of rheumatic heart disease. The large number of children who had to be examined provided the opportunity of making other cardiological observations, including the incidence of non-ejection systolic clicks and as-67
McLaren, Lachman, Pocock, Barlow sociated mitral systolic murmurs20 as well as congenital heart disease.2' We now present and discuss data on the incidence of innocent murmurs and physiological third heart sounds.
Subjects and methods
A stratified random sample of 12 050 children from creches and schools of Soweto were examined during the period of May to October 1972. A detailed account of the sampling technique and methods has been given previously19 but relevant features will be repeated. The ages of the children ranged from 2 to 18 years ( Fig. 1) , and the number of boys and girls was equal. when it was heard in the absence of any abnormal cardiac findings7 14. Thus third heart sounds associated with non-ejection clicks or late systolic murmurs were excluded from the analysis.
Innocent systolic murmurs
The two innocent systolic murmurs assessed were the vibratory systolic murmur' and the pulmonary ejection systolic murmur. Though some authors '6 16 have suggested that the term 'innocent systolic murmur ' A third heart sound was regarded as physiological rise to them may still act as a potential nidus for infective endocarditis.10
The diagnostic criteria for vibratory and pulmonary ejection murmurs were those previously described.7 9 23 A vibratory systolic murmur is a short crescendo-decrescendo murmur with a characteristic low-frequency musical or buzzing intonation. It is commonly of maximal intensity just inside the apex or at the left sternal border, but is frequently audible over the entire praecordium. It has a characteristic behaviour with posture, becoming softer or disappearing on standing and reappearing on squatting.'3 24 The innocent pulmonary ejection systolic murmur is high-pitched and has a blowing quality. It is usually loudest at the second left interspace, but may also be heard over the aortic area, left sternal border, apex, and the neck, especially on the left side.'2 13 25 The second heart sound must be normally split and the components of normal intensity.7 9 26 'Innocent' mid-diastolic murmurs We have applied this term to the vibrations which are heard as a short murmur immediately following 68 Innocent murtmurs and third heart sounds a third heart sound in some apparently normal young subjects ( Fig. 2 ) with no supportive evidence of organic heart disease.'4 27 28
ANALYSIS
The variation in prevalence of these auscultatory findings with age, sex, and individual observer experience was assessed. A x2 test for homogeneity was used to assess differences. However, the large STD sample size necessary for the estimation of the prevalence of rheumatic heart disease rendered significance tests of little value in the analysis of common findings such as third heart sounds and vibratory systolic murmurs. In many instances, small variations in prevalence of no clinical importance were shown to be highly significant (P < 0 0001). The behaviour of third heart sounds and vibratory systolic murmurs with postural change was noted.
(P < 0 0001), the range of 93 to 98 per cent is not clinically meaningful (Fig. 3) . Excluding one observer (observer D, Fig. 4) , who recorded a prevalence rate of 89 per cent, there was minimal variation in the prevalence rates among the observers.
Of the third heart sounds, 26 per cent occurred as an isolated finding and 74 per cent were associated with an innocent murmur. In the routinely postured group, 1107 (94.3%) of the 1174 children had third heart sounds. All of these were present in the supine position. In 86 per cent, the third heart sound disappeared on standing but was again heard on squatting, in 9 per cent it remained in all three postures, and in 5 per cent it was present in the supine position only.
INNOCENT SYSTOLIC MURMURS
An innocent systolic murmur was present in 8475 children (72-1%) with normal hearts.
Results
Of the total of 12 050 children, 11 754 (97.5%) had normal hearts. Rheumatic heart disease'9 was diagnosed in 80 children (6X9 per 1000), mitral valve prolapse20 in 168 (13X4 per 1000), and congenital heart disease2' in 48 (3 9 per 1000). Vibratory systolic murmurs Vibratory systolic murmurs were detected in 70 3 per cent (8264) of children with normal hearts and were of equal prevalence in both sexes. Though the relation between prevalence and age was again statistically significant (P < 0.0001), in clinical terms this was not impressive apart from a small peak in 5-to 6-year-old children (Fig. 3) . There was a clinically significant variation in the prevalence among the individual auscultators (Fig. 4) , and this could not be explained by differences in the ages of the children examined by them. The mean prevalence for the more experienced observers (A, B, D, F , G, and I) was 74 per cent and within this group there was minimal variation (73 to 75%), whereas the mean prevalence in children examined by the less-skilled auscultators (C, E, and H) and observer J who examined only 65 children was 66 per cent. In 99 per cent of children with vibratory systolic murmurs, a physiological third heart sound was also present. The most frequent site of maximal intensity of the murmur was the left sternal border (62%), followed by both the left sternal border and apex (17%), and the apex alone (11%). The murmur was loudest at the second left interspace in 1 per cent only and in the remainder (9%) at various combinations of these three sites.
Of the routinely postured children, 768 (65 4%) had vibratory systolic murmurs. The prevalence of these murmurs in the supine, standing, and squatting positions was 64-7, 15-9, and 57 per cent, respectively. Sixty-three per cent of the murmurs were present in the supine position, disappeared on standing, and were again heard on squatting; 24 per cent were heard in all three postures; 12 per cent in the supine position only, and 1 per cent on squatting only. In no instance was a vibratory systolic murmur detected only in the standing position. In the supine position, 95 per cent of the murmurs were of grade 2 intensity or less, 4 9 per cent were of grade 3 intensity, and 0 1 per cent (11 children) the murrnur was of grade 4 intensity; 99 per cent of the murmurs still audible in the standing position were then grade 2 or less and none was grade 4. On squatting, 96 per cent were grade 2 or less and the remainder were grade 3.
Pulmonary ejection systolic murmurs Innocent pulmonary ejection systolic murmurs were recorded in 492 of the children with normal hearts (4 2%). They were more frequent in girls with a ratio of 1-5:1 and the 15-to 18-year age group had the highest prevalence (Fig. 5 ). There was a significant variation in the prevalence rates among the individual observers and this was still present when the less experienced observers were excluded from the analysis (P<0.001). The mean prevalence of the more experienced group was 3-64 per cent, whereas the less experienced auscultators recorded a higher rate of 5-28 per cent.
INNOCENT MID-DIASTOLIC MURMURS
A short mid-diastolic murmur was heard in 32 (0 27%) of the children who had no other evidence of heart disease and were classified as 'normal'. Twenty-one of these children were boys. The prevalence was 0-32 per cent in 2-to 6-year-old children, 0-32 per cent in those aged 7 to 10 years, 0-16 per cent in 11 to 14-year-olds, and 0-39 per cent in the 15-to 18-year age group. The youngest child with this murmur was 3 years of age. All but three of the murmurs were detected by the more experienced auscultators. With only one exception, a vibratory systolic murmur was always an associated feature. However, none of them had an associated pulmonary ejection systolic murmur. The diastolic murmur was best heard at the apex in 25 subjects, at the left sternal border in six, and at both these sites in one. The electrocardiograms were normal in all of the children with this murmur, there were no obvious chest deformities, and the children appeared well. 
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Discussion
Physiological third heart sounds and innocent systolic murmurs are common auscultatory findings in schoolchildren. In this survey, the vibratory systolic murmur was the most frequent of the innocent systolic murmurs. It was prevalent throughout the 2-to 18-year age group and, in contrast to the findings of other workers,'0 11 29 there was no significant fall in prevalance among adolescents. The differentiation of vibratory and pulmonary ejection systolic murmurs is often illdefined'0 1114 and, especially in an epidemiological study, is an academic exercise of little practical importance. In most instances, the innocent systolic murmur had the quality of both murmurs at different sites. Thus at the apex or lower left sternal border, there was the typical 'vibratory' intonation whereas at the second or third left interspace it had more of the blowing character of a pulmonary ejection murmur. This led to confusion in the interpretation of these murmurs as shown by the pronounced variation in the observers' prevalence rates. Some observers considered such murmurs to be vibratory only, whereas the interpretation of others was that both a vibratory and a pulmonary ejection murmur were present in the same child. We are aware that the classical Still's murmur, which has typical uniform low frequency vibrations on a phonocardiogram (Fig. 2) A mid-diastolic murmur, which satisfied the criteria for being innocent, was a rare auscultatory finding. This entity has not received general recognition in textbooks on cardiology. Reference has been made to a ventricular filling murmur being mimicked by a left-and right-sided third sound occurring one after the other. '4 26 We support the observations of a few workers 27 28 that short vibrations do occur in diastole in some apparently normal young individuals and may be heard as a murmur (Fig. 2) . The origin of these vibrations is uncertain but they may be a result of rapid flow across the mitral or tricuspid valves. It has also been suggested28 that the vibrations arise during distension of the left ventricular wall, since they frequently start with a loud third heart sound. We have followed other children with this murmur and it has sometimes disappeared with time despite no rheumatic fever prophylaxis. In at least one child, however, a loud non-ejection systolic click later developed which suggested that there was, in fact, a minimal abnormality of the mitral valve. Since a short mid-diastolic murmur may be the only sign of minimal organic mitral stenosis, the diagnosis of an innocent mid-diastolic murmur should only be made after a careful but noninvasive cardiac assessment to exclude this more serious alternative. In addition, children with this murmur should be followed to observe its natural history.
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